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^ffi3tlfeltflBT^-r^> ^"T-^^®^M&MV^T, t&IB^j^_fc®^gJ^^& 

lt^3g 1 IB«<Z) T ^ -r ^ > h ;^;iSo 
H 2 Mi:^flg-rs <fc e> IciBSS ti. 
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m^m 5 ] 

t&IB T ^ jji > h V - ^ ItflB T ^ -r ^ > h "7 - M HOIflflB^S liM^fc -S 3^ 

^m2(Dmwz3Lv^y^^^y^xMii. 

Clt^« 7 ] 

IH®±Cl/5;?>^ h:^^^^$tife»li?(JD||2BM{C, ttflBl?M®||2aft|Sfia 
^® ;?)«*f l^ft-S J: e> JCI&IHT ^ ^ > h $:iB«1- S il . 
tulS^j^© H 1 MM :«>^ ^ ^ 2 ® M tc 3fe * ;t ^ig $ it. tSfSB T ^ 

9-y ^wmt^&n^^^-t^nmii. 
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im^m 11] 

[It^:^12] 
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iSJSS SrM^-r -5 r ^ -Y > h i: ^ 
ISIS h ^'^'l^ > SrJifW-t Sr^t* ^ 

CDS 2 dSMIc, taSS^m®^ 2 ® iit&SB^®:&^^lRl*r S J: e> lc@Big*r SXSi:, 

*^mstifcMiaT9>f hv-•^^CD^MS:Mv^T, Itriai/S^:^ ^^cvx^7^' 
^ - > fit ® *r <5 © g S^.^ f -5 i: . 

t&lB 1/ j;? ;^ h ^ s xs , 

[W^:^ 15] 

tufa uv7.v\,%. itfsar 9 >f ;i > h -7 - ^ t-^i^ $ ^ * jum^n^f-miz 
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[0 0 0 1] 



[0 0 0 2] 
[0 0 0 3] 

- ;^ b ^ > 1/ > ^ ;^ ^ J i X 7^ > J/ ;i/ X & M V ^ s o 

[0 0 0 4] 

^1.1 (a) it:^z/':fuy'T:7.^<omwmx:^^, :?i i 0 1 

^ ^f«^^^fe'5v^^iXi^&^ii$^±^;^^v^:>^:y::^^b> 1 0 2Jtlc. 
iiiS>oV%iiX^$:;^M/mMilX$-&-Si|KiR#:l 0 3$:, b7fev^llIj^&/.^^J^- 
>,Wv^c■^*5•^TiBgbfc=fea)•^^S„ :^y':fuy 1 0 2 10 3 
^ n T v> v^M®® tt. U n > 1^ X /^ tcx ^ > ^ ^ i: y 
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mi 0 4^^WWB^l 0 5*^?^^3tlTV>S. 
[0 0 0 5] 

mil (b) tt>^7^>$/;i/v;^^©j^®gI*^&So 1 0 6tt 

%Lr=.\>mw^^-'ym^iz^t>-^r=.mami o s s:igttfe%®'T?s>So 
iz^ijmi 0 4^^«F#BP^i 0 5*<?^^g5*iTv^s„ mi o^^^wwm^i 

[0 0 0 6] 
[0 0 0 7] 

[0 0 0 8] 

3 - Afe«Mlf-e ICM v% S ;^ 5^ - e> ^ffitcM v^ S X 7^ - 

Wi\zmm-t^mti\znmhxm^\zm^ii^mK'^i^n^. ^^izyt^^-pomm 

[0 0 0 9] 
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Zl(3D«d^l^-A©^«^«?)S:lS5|tk'r'||Jgf Sfe«)lC. JfegfMITtC J: ^Spatial 
-phase-locked electron beam lithography (SPLEBL) t^l^tl-S J^X-r 

CO 0 1 0] 

Wl(D&.n^i^Umtl^^mm^m^^mm(.mL: Naval Research Laborat 
ories)>b>e)^i^StlTV^S (#fi^:S:m 2 J: t)f##fP:5cm 2 #m) , 

[0 0 11] 

) „ ^<D:Bmx'it±i^^'^^-y^^bmm (•!?->^:7>f-;i/K) ic^^fjb, 

So 

[0 0 12] 
[0 0 13] 

[#ffF:3fcm 1 ] 

mm^mm^ 8 9 2 2 3 o^mmrn 
^mmm 5 7 0 3 3 7 3 ^mmm 
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mm 2000-124114 

[#l¥:fcm4] 

mm 2000-31008 

"Spatial-phase- locked Electron-beam Lithography: Initial Test Results" 
, Pp2342-5, J. Vac. Sci. Technol. B. Vol. 11, No. 6 Nov. Dec. 1993 

mmw^:^m 2 ] 

"Improving pattern placement using through-the-membrane signal monitori 
ng"., J. Vac. Sci. Technol. B 16(6), Nor/Dec 1998, pp3567-71 
[0014] 

[0 0 15] 

^jS^?5>«&Sfc«), SPLEBUi||lg^ilx/<;^-eMV>e>tlTV^S^C3t^:&V^„ 
[0 0 16] 
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[0 0 17] 

SJp V - V ^ J: {c IBg f <5 z: % ^ J&: V A . 
[0 0 18] 

[0 0 19] 

[^H 5: -t -5 (?) ^^] 

j:iBCQse5S:3tfifet-sfe«), ^^m<Dr ^ ^ :^ y hijWii.. mmo^m immt(^ 

[0 0 2 0] 

*fel±?^«i|S^i|S*^AIlf"rs#J^®^2®fi!llC, ^iS3b^t(fSB^JIi®^2®i:^I^ 

^ jii U T Alif -r tff IB^ * ;t & M H ® Iffta^® J: =fo 

[0 0 2 1] 
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CO 0 2 2] 

2mtmmmmt>'^M\^-t^^t>Kmmr^^ :f'yhm^^mn'r^jmt. t&iB 

H 1 e>ll 2 ®#Ilc^ * SrMii $ StrlST ^ >f ^ > 

®^«&MVNT, iulBl/'i^':^ hlc*r>^.e7A^5t->S:jeiift*<5&®^S^^t-SX^ 
ii, Itfia \y Vy^ h lcit«!iS-?-iS®®^3teJC J: U ttflBv;^ ^ A'lJ? «- V ^fSMt* SX@ 

[0 0 2 3] 

Stl^^mS:##-rslfM«##mil, ^®}C«lgS[©T^-r^> hV-^^^fr-t- 
ST^^f^Vha^S:, ^ummo>^2mm\z.. mmmm<Dm2miimu^mfi'^ 

9-(^B.m-^^. mmr^>(:^yV'^-^'^RM-^M=.mm%i^r:^\tmwsL'^m^ 
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[0 0 2 4] 

-f^>ha«$:, tiffBSM®^2®{a[|}C. |tffHS^(^>ll2MillalB«®*^^lRl-t 

vx>:^/t^->^|g®-rsxSi:. taffBl^S^:^hS:3^^t-SX@i:. t&IBVe^^x 
[0 0 2 5] 

mm.\z.n^:r.}ifi'^-^^ht^^. r^^^ :^yvmm\%. 

[0 0 2 6] 

[|§^<Z)^lfe(Z)0M] 

CO 0 2 7] 

-e*-;, SI (b) i,t^mMmM<Dr'y'i ^yh^^i i<Dm^mx*:&^o mi 
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(c) itmi (a) <D'^y^irzf^>^:^ltmi (b) ®T^>r;*>h««l l 
[0 0 2 8] 

mi (a) K:^'rJ:e)}C, :jl>:/l/>2JilCtt«^fcf-A}C5ta-.^S^^'ffiS:>t 
[0 0 2 9] 

0 2l±01 (a) (D'^l^.^^^y^ xi<D^mm(D—m'e:^*j. mziz^-tj;: 

[0 0 3 0] 

EISliEll (a) covxi'T/^^^';^ 1 (^)¥WllI®fi&<DM't?fe'So ®2{Catf 
) 2:iB@7?^;&v^„ bfe;{><oT. m4f|J^i:M;5;SlHlli!&A'3?-V«, ^4CD^@ 
[0 0 3 1 ] 

i^-esv^^cm4 S:•re>U'r?^^bTv^s„ rtie><D4o(z>'gg^}c?^^$*i-5ias& 

[0 0 3 2] 

®3K:a^i-J:e>{cm4 S:iBgbfc#^. &<SMi^T^^4 jb-^J^^StlT V>SS^^ 
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^^2 0 0 2 — 2 5 6 3 6 9 

CO 0 3 3] 

0'-'2 0 0 M.mm^t.-t^^t^ii^'V^^o 
[0 0 3 4] 

[0 0 3 5] 

±m<D^otSiW:lt(D'^7.^Zf'^y^:7.itm^it. SOI (silicon on insulat 
or^felisemiconductor on insulator) S^S:MV^T#SS•e^-5^ roo^-^, S 

o i(Di/Vziy^ji/\f}^^m4: i5 ^XJ^^WWm^ ^ ^M^L. so 
ji^Mil&x ^y^:^hy 6 i: bTM vn. i/ y n >M & ^ > :^ > 2 

[0 0 3 6] 

mi (b) K^-t^oK, T^-^^> h^^l 1 li*^®fCT^^^> ^V- 
^'12&^1-§o r^-f h-x'-^^^tf^l 3», S«l 4_t:{cx>y5^>y>?. 

5 S::^bT?^^$tlTVNS„ T^-f^> h^-^J' 1 2(DTJia)T^ 
-f :>^> hv-^^^^l 3t^. T^-f 1 2 OMHA^x^y ^>^^IC J: 

> h x'-^^^^si 3 3«)^MU3i*tifcgp43^0^®§:. OT, mmU'B- 1 s a t.m 

•to 

[0 0 3 7] 

mi (a) 1 0^®® 1/$^;^ h 3 jcS^^^r^ff ^l^tcii, m 
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1 (c) izm^^oiz. '7y^i;zf^y^:^i(Dm4:^^xf^^W^'^^^> 
[0 0 3 8] 

mi (b) JC^-tl^^ ati. T^>r^>hV-^^#^l 32;T^>f^>hV 
1 2 &^t>ii:fel^$S:5^-rc 1^$ a.li, gl 1 (a) 1 ® 

^JiC^SCT^^^So '7>^^':/^>^':^ 1 lc^v%T, U%s^y9- (2 0 0m 

.4^5(Z)T«i:^>:/U>2(DS©ilb (01 (c) #m) Ij;. 7 2 5 /imtCXvy^ 
h^y>'^-M6<Djp:«!iS:J5lb:fe%cz)i::QtS„ ]gSa«, l^ilb J: y fe/hS < 
BEilb{CT'^S;/St-ta£VNri:A^M*L/V>„ 
[0 0 3 9] 

feS), r^^:>t> hS^Kl ICDT^/f 1 2 3&^:jI V> 2 

[0 0 4 0] 

mmii.^7&t^f)K T^^:^yhmmi i(or'^^:^yh'7-^^nm 

r^-f;>t > hv-^^#^l 3 ^rf^^UT^^-a-^ iffS ali7 2 5 AtmJCT^-f >^ 
> hV-^^ 1 2CD^*t&J£bfe=fo®JC;&So 
[0 04 1] 

T^>r^> hv-^ 1 2(Z)5fe^:^>^e)r^>f bv-i5^^^§|Sl 3 ©^^^^S- 
1 3 a^T'CDSEilcli, v:^^M3^^CMV^§«^IS^3^^g <D 

iJ:0-l 3 a-eSMbT, :^y'fVy2±<DUi^7shSKmXM-t^h. mtftJ"^^ 

-ycDmumf^^^r-t^o zn^m^tc^nb. Mx.t«^s«m5o~i ookv® 



1 4 



ffiSE# 2003-3047694 




#2 002 — 256369 



[0 0 4 2] 

[0 0 4 3] 
[0 04 4] 

[0 0 4 5] 

ifi<z)r^>r;?t> hv-^'^^^i 3±izmm<^r^^ :^yh'7-'!^ 1 2^m 

t^fiz&b/tSPLEBL^cjti^bTH^^:;b^^Cy'-^raPi/^)^J[Sv^„ L/;t;{}'5oT, T^^ 
^> l>V-:J'T:'i£g«^®'fi#^M«^^;^)^e)li]®S:^?oT%, SPLEBLO) j; e) IC^ 

[0 0 4 6] 

1 2it^m-t^-^^ii¥~fxJ-^^-y±t^j^^-y±<D\f^'miz%mmx'^ 
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hV-iJ' 1 2 SrSBg-rsr ii*)T'^5o bfc*<oT, ->_hi:*>'t^ - 
>_htC^JC-7-^ S:iBS-rSSPLEBL-eB6>tl-5 :^ h^M-e(Z)^tt« 

[004 7] 

MV^-5lS^II3^«^tf-A$:r^-f ^ > ^tCMV^S^-^^i, ^0. l~5/iingS 
T ^ >f >i > h « WmilS^i^® MM^^*^^ <^*)> T^>f^>h 5|tMA<<£T"r 

2 (^^„ 04 (a) #m) 
[0 04 8] 

[0 0 4 9] 

EI4 (a) itmiK^tr^^^ :^yhm^i i^i^m-r^fcL&xDmm^B-tm 
s/u n^^'fbj^i 5±K:ii2fiDe/y 3>'i7ai7N2 1 -e<©±Mtcr^ 

[0 0 5 0] 

(^lCDi/U3>'^x7N) 14«, 04 (a) ^C^■r»^g^#:y^)'5Mt^V^ 

#4^>5=- (2 0 0 mm) (D U n :/ x ACD#-^l± 5 2 5 /i mj^, S^yf-^ 
2 5 /ttmj?7?^S, 
[0 0 5 1] 
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[0 0 5 2] 

x^y^V^X h'5;>1-Ml 5 it. ||M"t-Sll2CD$/U n>«i7a:/N2 1 ©ai^y^ 

0 ^ 2 CD 5/ y :3 > 2 1 <D^«i», S/>n/"7:^ <fc t^^^^mm^ 

[0 0 5 3] 

?i?Ctc. E(4 (b) lc^t-J;e)lc, T^-f ^> h'x'-^J^^ffiM 2 2 _tlC. 
> hV-*^^ 1 2 CD7\°^->-ei/2;^:^ h 2 3 ^J^^f T^>r 

h-T-e' 1 2®7'?^->T?b$;j^ h 2 3 SrJ^^-rsiCti, l.'S?::^ b S:^®IC 

m^i^xi)-^^. m^m'^m^^^j^h^xm^^n^xmm'r^o miz. m4 (c) 

lc^-tJ:e)Jc, l/t;?xh2 3$:v;^e!'i:bTT^-Y;*>h"7-^^?^^MM2 2 tc 
[0 0 5 4] 

05 (d) lC5^-rj:e>lc, l/5;::^h2 3fei:tJfT^>f:?i>hv-i5^ l 2 
Srvj^^iibT. ||2®i/U n;yii7aiy\2 l ®^jf gpi^icm^^'^^^x-/^^ 

©m^SiM 3 a il^S. -eom, 05 (e) {C:^^- J: e) IC, WS^ 

h 2 3 S:IS55&l.T^?f-rSo 
[0 0 5 5] 

05 (f) lCa^t-<fce)tC, ||2<Dt/U n>^7x>'\2 l(Day®SP4)-&ilI 
X1--g>fe«?). ±®lCl/$;x h 2 4 S:^:*P"t-5o rcoh^, l/S^:^ h 2 4 LTsK 

1 2gI5:0'i:^tlJe^^CD§|S^^ (T^>r^> hV-^Si#§|5<^mU3ii^§P4M 3 a) 

So 

CO 0 5 6] 
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[0 0 5 7] 

^K.. me (g) K^-t^t>K. l/VXh2 4:<Dn^'.^Wi^n^^^ T^>f:jl 

>hv-^^^^f^i3 ^m^-t ^m^<D lyP:^h 2 4 (D^m-to 

MQ (h) {C5tt-J:e){c'> V^7.h 2 A^-TT.^ ilhX:nyi^y^^h 
vA-Mi 5i)'imfi!,-t^t.Vf$2<Dt/Vny^3L/\2 1 icx^/^i/^^^f r 
^ h -7 - tJ^ ^^tSJ 1 3 S: J^^f S o 
[0 0 5 8] 

ffiV^Sr iltCJ; y> a:»y^>^®(05{ia^S:l^_tS'&S^ii}&^T?^5. 
[0 0 5 9] 

||2(Z)i/U n>'i;aiA2 1 7l)^||g?^S:n7taP:^5-JC, ^ > ^7 1 ©^4 

-S 1 5 S Zl t jb^M^ b v^o 
[0 0 6 0] 

CltllCjiif-b, ||2(3D2/U a>ii7xA2 1 IC^cf *"ex>y^>^$:^?V^, ©^BP 
tfe^l 3 a STj^^-t-SX^ (05 (d) 0m) Xit. 1^^^^ I 3 aXR^-t^r 

^'i:^yh^^r:^itr^^:^yhm<D^nn^Bi)^. -^i^^^-^^-ym^mo^i^ 

h {r?7s^':f'yy^ys<r>\^V7. h) ^cAl^b^v^ e)^x^y^i/^^^$:«)'5# 
e>tltl«J:V^, bfe^^^T, ||2®2/U 3>^7 3i/\2 1 0^i5^:5>®x^y5^>^S: 
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[0 0 6 1] 

1 2®^g&lSi^^K:i!l^bTfe<o ?i^$tl>^T^-r^> hV-^^ 1 2(0 
[0 0 6 2] 

IC X y ^ > ^ S: if? o T # 5) tl 5^ > ;!/ V X 5^ 5: M V ^ T X / N {C ® & o 
[0 0 6 3]. 

T^^:jI> h'T-^' 1 2±C0:*>:/l/>C/1^->*'«Bag$tlT%. T^-f 

1 2 ^@Bg"t?^§o 
[0 0 64] 

&in5tmjE5 0 k V(3D«^tf-A-t?f?V\ T^-f JJl^ h3teiib TIS:S 7 8 0 n m 
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l/>2^j:tJf-e®-fc®l/S^:x. h 3 Sr^jgbT, T^^ > 1 2lCAIJ"r 

So 

[0 0 6 5] 
[0 0 6 6] 

S8 (a) li^4 5ffi^CD/1^?-> i7.^yi/J\/^7.^(D^^. MP^) A'^?^^ 
^-f 7i:bT», 08 (a) 0) J: e) IC:)1 2 CDji:^^:^J'^Z>:Il^y 

> ^ SrfTo S tife S: m v> S d % ^ S o 

[0 0 6 7] 

^8 (b) {ca-tJ:e>lC, .^4±®^>:/l/:/2(Z>-^$:X^y5=->yc 
[0 0 6 8] 

—15. ®7{CfeVNT, 1 S:5gjgt*ST^>r:?i> b3t 1 6 Ate 

r^-r^> 1 ®T^-f ^> bv-^ 1 2(D^S5:l^ffi-t-5o 

>f ^> hv-^ 1 2"^;KI*bfcT^-f b^l 7 Ali, 3l&^ffi^l 8 AlCi;^ 

[0 0 6 9] 
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[OO 7 0] 
[0 0 7 1] 

A'^^^-tS'^-^ti, mi (c) -er^^f hv-i^ 1 2_hlcfeS l/S^":^ h 3:;5)^ 
LT:5l>':^U>2lCX^y^>^S:^^V%, MPiP (EI 1 1 (b) ©BMPasi 0 8 tC 

^i^-r-g>MPgi5) $:?^m-r-sxg-e> r^^:^y\>% n^r^immw^m) ff^m 

[0 0 7 2] 
[0 0 7 3] 

gI9 (a) 09 (b) J: e) tcr^-f ^ > btt'K 

^t,^v^SS<D^>::^l/>2±}c#0]^8 Sr^tt-S, -etUSA^^^^itli. 01 ( 
a) (^■rxi7zf^y^ XI iim^x:^^. 

[0 0 7 4] 

2 1 fflliE# 2003-3047 6 94 
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:$immmmx' :^yzfvy2 <Dun ti^x u n > v ^ e> v ^ s 
tiT=b#Mi^8icj:oT^>:/i/>2*t#Msti'5a umms ^mm^^icit. 

i^±<D^lzm^^^\Z3L^if^y^xi^^-t^. 

[0 0 7 5] 

(FIB; focused ion beam) ^m^^X^M^S ^m^'t^^r.t^X^Sio 
[0 0 7 6] 

F I Biz^ij^mm^s^m^-t^Kit. :^yfi^y2<Dm'mizmm^:^^m^ 

m-ffjit^^. :^y h-^-^ 1 2±iifji^&mzG a^:ty\f-J^^mM-t 

>(>i-y}^-j^(D3i:^jv^-xiifxf)'^^mh. ^mmiamm't&r:^^^. mmm 
iz^mmsff^m^-^ti^o :i(Dmmmitut^y. h 3 (D]^^mznt>ti&^mzM 

[0 0 7 7] 

\i^m^izit. msiz^-t^'otsi'^^^irmr'^^ :^yh^-'!7itmnrjt<x^^\^ 

[0 0 7 8] 
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mirj:z>iz. T^>r ^ > bffil^in^«^tf-^ 1 6 B li^ >rf 2 

1 2-eHi*bfe«^fc^--M 7B$:m^^t^m^i 8 Bicg:.u^mb, r 

9 >f :>t > h - iJ' 1 2 CD filig StM^-T 5 , 
[0 0 7 9] 

oT?$>'5LEEPL (low energy electron proximity projection litliography 



[0 0 8 0] 

t^^t:L&>. LE E P LfflVX^^C^i^^;?)T^V^;t >y l/>y&^MV^ ^jtlSo 
[0 0 8 1] 

* iD7i«i±*'^'M;ti* 5 0-100 k vcoiSitr^^m^if-i^^^gt l O O n m 
U^<0m3!^(D y ^ I' y ^^M-t ^i)^. LEE p L-eMv^e>n'5^^D^S«^l^-- 
A^*t5tl 0 0 nmmm<Dm3:f'<D:^y:fuy'^mm'^n. ma^(D^mm.mzmiMi 

[0 0 8 2] 



[0 0 8 3] 
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[0 0 84] 
[0 0 8 5] 

^h'^x^'yi/'fizx ij'7::^^':f'^y^>f.t.r^^ if^yh^^^m^-t^ 

[0 0 8 6] 

[0 0 8 7] 

[0 0 8 8] 
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[0 0 8 9] 

[0 0 9 0] 

[0 0 9 1] 
[0 0 9 2] 
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[gll] 

1 (c) Ji^l (a) (h^T.^rf'yy^y-}^^'^ (b) <Z)T9^:?l > hS^^^-fe 
[EI2] 
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